Initial ischemia/reperfusion injury (IRI) may have an impact on recipient immune responses after transplantation. Allograft inflammatory factor-1 (AIF-1) has been implicated in the regulation of inflammation associated with organ rejection. We hypothesized that it is either passively released from injured tissues during organ procurement, or actively secreted by allograft infiltrating cells contributing to allograft dysfunction. We investigated the impact of IRI in an in vitro study of human heart tissue during the process of transplantation. The mRNA expression levels for both isoforms of the AIF-1, I2 and I3 were significantly increased after 30 minutes reperfusion (AIF-1 I2: p < 0.01 vs. AIF-1 I3: p < 0.005). Expression levels for IL-18 and the TLRs were increased after 30 minutes of reperfusion. Only IL-18 and TLR-2 were statistically significant (IL-18: p < 0.0001 vs. TLR-2: p < 0.01). The mRNA expression levels for AIF-1 I2 and IL-18 were decreased from the original levels of ischemia after 60 and 90 minutes reperfusion. The TLR-2 and -4 were presented with minimal levels of reduction after 60 minutes. However, mRNA expression levels for all were decreased to the original levels of ischemia after 90 minutes, except for AIF-1 I3, but the difference was not statistically significant. AIF-1 and IL-18 were specifically detected in myocytes and interstitial tissues by immunohistochemistry (IHC) stain after IRI. TLR-4 was non-specific, and TLR2 was minimally expressed. The study discusses the evidence supporting that the AIF-1 may have therapeutic potential for strategies in the control of innate immune responses early on, after transplantation.
Introduction
Advances in surgical techniques, tissue preservation, histocompatibility matching and effective immunosuppression regimens have made cardiac transplantation a successful treatment of choice for individuals with end stage cardiac disease (ESCD). However, antigen independent inflammatory mechanisms have recently been implicated in both immediate and long-term allograft dysfunction and rejection [1] . Immunologically, functional activity of a transplanted organ ultimately depends on the balance between tissue damage caused by ischemia reperfusion (IR), and the recipient immune responses. The early mechanism that triggers rejection episodes (RE) may involve activation of the recipient innate immune response to IR injury (IRI) that occurs during organ procurement. An innate immune response would cause the release of proinflammatory cytokines and may initiate an adaptive alloimmune response, contributing to allograft dysfunction and early RE. It has been well documented that ischemia (when arterial blood flow is interrupted) creates a structural and metabolic/cellular destruction [2, 3] , causing cardiac myocyte contraction and tissue damage. Additionally, restoration of blood flow during the reperfusion of the donor organ, although needed it further causes tissue injury. The cytokine associated pathways in IRI may play a significant role in initiating the damage recovery which is critical in long term allograft function. The molecular mechanism underlying IRI is not fully understood.
Studies have shown that inflammation plays an influential role in myocardial IRI and the reperfusion after ischemia causes myocardial injury and cell death [3, 4] .
In addition, it has been shown in animal models that production of reactive oxygen species (ROS) during reperfusion affects the severity of injury, causing apoptotic cell death in ischemia regions [5, 6] . However, the use of antioxidants in clinical studies during reperfusion has not been effective in preventing the IRI [7] , suggesting that other mechanisms could be involved in the pathogenesis of IRI. Given the importance of innate immune responses in the recognition of pathogen or damaged tissue associated molecular patterns known as PAMPs or DAMPs respectively, we postulated that the molecules released from cardiomyocytes during IRI, including allograft inflammatory factor-1 (AIF-1) may signal through the toll-like receptors (TLRs), priming the innate effector cells. In cardiac transplantation settings, the signaling of the TLRs, either on donor myocytes or recipient monocytes/dendritic cells entering the graft, ultimately could cause the release of proinflammatory cytokines, leading to allograft dysfunction and RE. An adapted hypothetical model is illustrated in Figure 1 [8] .
Allograft inflammatory factor-1 (AIF-1), an evolutionary conserved structural protein has been implicated in the regulation of inflammation and was recently shown to be associated with cellular rejection (CR) after transplantation. AIF-1 is a 17-KDa cytoplasmic, Ca ++ binding protein, which is inducible by several cytokines primarily by IFN-, IL-1, IL-18 as well as T cell conditioned media [9, 10] . This suggests a fundamental role of AIF-1 in the processing of the inflammatory responses. AIF-1 was originally identified and cloned from rat cardiac allografts with chronic rejection [11] . Subsequently, it was identified in human and since then it has been shown that AIF-1 is involved in many pathological processes but is expressed primarily in dendritic cells and macrophages [12] . Nonetheless, it has been found in many other types of cells including activated T cells [10, 13] , blood vessel smooth muscle cells after a balloon injury [14] , a subset of brain microglial cells [15] , vascular endothelial cells [16] , devascularized skeletal muscle tissues [17] , Langerhan's cells [18] , umbilical cord blood stem cells [19] , kidney podocytes [20] , and spermatides [21] . However, a timely release has not yet been reported for AIF-1 in human cardiac allograft tissue specimens. In this study we investigated release of AIF-1 and the associated markers of the innate immunity, in an in vitro setting using waste tissues excised from cardiac atrium immediately before transplantation. In addition, we tested the presence of these markers in cardiac biopsy samples and in peripheral blood mononuclear cells (MNCs) in association with severity of rejection episodes.
Materials and Methods

Patients and Specimen Collection
Informed consent was obtained as part of the protocol approved by the University of Mississippi Medical Center (UMMC) Review Board for obtaining blood samples and biopsy specimen from each patient. All patients had undergone cardiac transplantation at UMMC. Blood and biopsy samples were obtained at the same time. Blood samples and biopsy specimen from the same patientswho had undergone cardiac allograft transplantation were tients were classified into testing groups based on endo myocardial biopsy and histopathological assessments for rejection scores: Grade 0 (0R), Grade 1A (R), Grade 2, Grade 3A (2R), and 3A/3B (3R) according to an established criterion by the International Society for Heart and Lung Transplantation (ISHLT) [22] . A total of 30 patients, 10 in a group with Grade 0 rejection; 10 in a group with 1A rejection and 10 in a group with 3A rejection were included in this study. Allograft tissues from atrium that was considered trimmings or waste were collected immediately after removal of the tissue in the operating room for in vitro ischemia reperfusion studies.
In Vitro Ischemia/Reperfusion (IR)
The trimmings from allograft atrium were util up the in vitro the IR procedure. Specimens before treatment were considered ischemic time point. Tissues were cut in 1 × 2 square mm, some stored either in formaldehyde for paraffin block preparation for IHC stain, or in −80˚C freezer to be used for RNA preparation. The remaining squares were subjected to reperfusion experiments. Tissues were washed with phosphate buffered saline (PBS) and incubated for 30 -90 minutes time intervals in a 5% glucose-ringers saline medium in an aerobic chamber with 5% CO 2 at 37˚C incubator. At the end of the treatment, tissues were collected and placed either in formaldehyde or stored at −80˚C.
RNA Isolation and Reverse Polymerase Chain Reaction (RT-PCR)
etermine expression levels for AIF-1, TLR-2, T and IL-18, RNA was isolated from peripheral blood mononuclear cells (PBMCs), monocytes and cardiac tissue specimens. Briefly, monocytes were isolated from patient's PBMCs after a Ficoll-paque density gradient and positive selection for CD14-positive cells with Dynal beads. Cells were immediately homogenized in TRIzol and were stored at −80˚C for subsequent RNA extraction. RNA was extracted from the cells using a kit from Invitrogen (Invitrogen Corp. Carlsbad, CA, USA), according to the manufacturer guidelines. RNA concentration and purity were determined using NanoDrop 2000C (Thermo-Fisher, GA). Also, frozen tissue specimens were homogenized in 200 µl cell lysate buffer for RNA extraction using a kit from Invitrogen (Invitrogen Corp. Carlsbad, CA, USA), according to the manufacturer's guidelines. Afterwards RNA was transcribed by the ImProm-II Reverse Transcription method (Promega Incorporation, Madison, WI), followed by a routine RT-PCR protocol using appropriate amplification primers given in Table 1 . AIF-1 has three isoforms which are generated due to the gene splicing. Originally we tested all three tion episodes. The orientation of the three isoforms is given in Figure 2(A) . The isoforms 1 and 2 are identical at N-terminal, thus, we chose the same 5' forward primers, and the isoforms 1 and 3 have an identical Cterminal, thus, we chose the same 3'reverse primers for both. The amplified PCR products for expression levels of mRNA transcripts were visualized by 2.0% agarose gel. The intensity of the amplified banding pattern for each gene was quantified using a GDS-8000 (UVP) Image Analysis System and the level was normalized to the β-Actin gene expression levels. The normalized values (Unit) were presented as mean ± SEM.
Immunohistochemistry (IHC)
The formalin fixed paraffin embedded (FFPE) tissue sections were utilized in preparation of tissue arrays. A ed to prepare the were analyzed for the presence or absence of AIF-1, IL-18, TLR-2 terstitial infiltrating MNCs and ardiac tissues or biopsy specimens from the patients who had undergone cardiac splantation were tested for AIF-1, IL-18,
To determine which of the 3 AIF-1 isoforms were assols of th (I1), 2 (I2) and 3 (I3) were tested
As shown in Figure 3 (A), mRNA expression levels for pre-made paraffin recipient block was us array. The area of interest on Hematoxylin and Eosin (H&E) stain were matched to the donor block and the tissue was cored and deposited into a 48 wells recipient block. The recipient blocks were treated at 40˚C and then chilled at 4˚C to generate a smooth paraffin surface appropriate for sectioning. Serial 4 -8 mm thick sections were prepared for IHC stain. The slides were then deparaffinized in Xylene, and rehydrated through a graded series of ethanol followed by treatment with 3% hydrogen peroxide in phosphate buffered saline (PBS) to block the endogenous peroxidase activity. After antigen retrieval with Citra plus and blocking with normal serum provided in the ABC kit, sections were incubated with primary antibodies against AIF-1 [23] or IL-18, TLR-2, or TLR-4 as described previously [24] .
Data Analyses
The ISHLT grades for each biopsy specimen and TLR-4. Both in CMCs were evaluated for IHC staining. The RNA transcript results were expressed as mean ± SEM. Group differences among mRNA transcript levels between the rejection grades were determined by one-way analysis of variance. The level of significance was set at p < 0.05 for comparison between the groups.
Results
A total of 70 paraffin blocks of c allograft tran TLR-2 and TLR-4 gene expression. In addition, peripheral blood PBMCs and MNCs corresponding with the time when allograft biopsy was taken were tested for expression levels of mRNA transcripts. The test samples were normalized to β-Actin expression levels.
MRNA Gene Expression Levels for Each AIF-1 Isoforms
ciated with graft rejection the mRNA expression leve e three isoforms, 1 in the PBMCs from recipients who had experienced rejection episodes. The PBMCs from the same recipients at the time when they were rejection free were used as a control for comparison analysis. As shown in Figure  2(B) , AIF-1 isoform 2 was significantly increased in association with the ISHLT grade 3A rejection as compared with grade 0-1A. Isoform 3 was also increased in association with RE but statistically were less significant (I2: p < 0.005 vs. I3: p < 0.06). Subsequently, only AIF-1 I2 and I3 mRNA transcripts were tested in tissue specimens that had undergone ischemia reperfusion experiments. both isoforms of the AIF-1, I2 and I3 were significantly increased after 30 minutes of reperfusion (AIF-1 I2: p < 0.01 vs. AIF-1 I3: p < 0.005). Since AIF-1 is inducible with IL-18 and it has been shown to be involved in organ IRI, we then tested the levels of IL-18 mRNA expressions in addition to the AIF-1, TLR2 and TLR4. The mRNA expression levels for IL-18 and the TLRs were increased after 30 minutes of reperfusion. Only IL-18 and the TLR-2 were statistically significant (IL-18: p < 0.0001 vs. TLR-2: p < 0.01). The mRNA expression levels for AIF-1 I2 and IL-18 were decreased from the original levels of ischemia after 60 and 90 minutes reperfusion. The TLR-2 and -4 were presented with minimal levels of reduction after 60 minutes. However, mRNA expression levels for all were decreased to the original levels of ischemia after 90 minutes, except for AIF-1 I3, but the difference was not statistically significant.
Evaluation of the mRNA Transcript at Different Time Intervals of Reperfusion
MRNA Transcript Evaluation after 90 Minutes Reperfusion
We examined mRNA expression levels in an additional emia and he mRNA expression A strong immunoreactivity observed for AIF-1 and IL-18 r repe AIF-1 and IL-18 stain were present in both ring ischemia reperfusion damage, rays of tissue debris and cellular elements are y have impact on the recipient immune response to allograft causing the dysfunction of the organ 10 cardiac allograft samples for the impact of isch reperfusion after 90 minutes. T levels for AIF-1 I3 was increased 1.4-fold after 90 minutes reperfusion (p < 0.05). For the TLR-2 and -4, the mRNA expression levels were significantly decreased after 90 minutes. There was a 34.3% (p < 0.05), and a 20.6% reduction in expression levels of TLR-2 and TLR-4 respectively after reperfusion. The levels of mRNA expression for AIF-1, I2 and IL-18 were decreased but not statistically significant (Figure 3(B) ).
Cellular Distribution of AIF-1, IL-18, and TLRs
markers in both ischemic tissues and in tissues afte rfusion. myocytes nucleus and in interstitial cells. The rates of immunoreactivity for AIF-1 and IL-18 were associated with the time length of the reperfusion (Figure 4) . There was a minimal immunoreactivity with anti-TLR-2 detected in both ischemic and after 90 minutes reperfusion tissue specimens. On the other hand, a strong TLR-4 immunoreactivity was observed in both myocyte nucleus and myocyte fibers as well as interstitial segments (Figure 5) . The rates of immunoreactivity were associated with the length of reperfusion.
Discussion
It has been documented that du released which ma [26, 27] . In this study we have gener- and may lead to allograft rejection [1, 25] . In addition, molecular markers associated with innate immunity have been implicated in the regulation of inflammatory re sp ated in vitro IR settings to observe presence of molecular markers associated with the initial inflammatory response that may trigger the innate immune response after cardiac transplantation. The practical value of this study was the findings that the AIF-1, IL-18 and the TLRs that were previously shown in the peripheral blood and biopsy specimen from allograft recipients with 3A rejection were also present in the cardiac tissues during the IR. This suggests that these markers may act as the initial sensors for innate immune response and may provide key elements to the genesis of post transplantation alloreactivity to the allograft. Furthermore, it suggests that a possible blockage of these markers may have a therapeutic significance during organ procurement by providing myocardial protection. [24, 28, 29] , and there is a suggestive evidence that AIF-1 may signal through the TLRs, it was important to seek such evidence during the IR. In transplantation settings it was suggested that the TLRs are either on donor myocytes, or on recipient mononuclear cells recruited to the heart after transplantation. We have shown a strong positive immunoreactivity with anti-TLR-4, in cardiac tissue after 30 minutes reperfusion and it remained positive through the 90 minutes of the experiment's end point. We suggest that increased TLR-4 in cardiac tissue during the IR triggers the inflammation through the TLR-signaling pathway in association with the molecules such as AIF-1 released from cardiac tissue due to IRI. This event causes production of proinflammatory cytokines which could have impact on allograft dysfunction, leading to allograft rejection.
Previous studies have shown that AIF-1 plays a pivotal role in survival and in the inflammatory pathway of macrophages [30] . The level of AIF-1 expression in rat macrophages N-gamma and IL-1β [9] . It was also shown that blocking AIF-1 expression reduced macrophage migration and proliferation [31] . Furthermore, in a rat model of IRI, the levels of AIF-1 expression were paralleled with the expression levels of IFN-gamma after reperfusion, suggesting the molecular involvement of the AIF-1 in proinflammatory response of the macrophages. However, in the present study, we were unable to demonstrate expression of IFN-gamma in human cardiac tissue after in vitro IR, neither with RT-PCR nor IHC stain. The immunologic function of AIF-1 is still not clearly known, although a variety of pathologic processes including allograft rejection and vasculaopathy have demonstrated the presence and the involvement of AIF-1 [23, 24, 28, 32] . Autieri et al., have shown the impact of cell cycle deregulation in over expression of AIF-1, causing proliferation of vascular smooth muscle cells [16] . The AIF-1 expression level was shown to be upregulated in cardiac allograft after cold and warm IR and the expression was reduced with a low dose of FK506 pretreatment [33] . This finding suggests that the FK506 effect most likely was not on the recipient macrophages infiltrating the allograft, but was on donor organ tissue. In such case the FK506 probably blocked the receptors on cardiac myocytes, preventing the underlying mechanisms involved in pathogenesis of IRI. Recent studies reported that shorttion in both TLR-1 positive keratinocytes and dermal infiltrating cells, but have increased the dermal TLR-2 positive cells in atopic dermatitis (AD), affecting the inflammation associated with AD [34] . Although the role of TLRs was not discussed in the previous report [33] , there is suggestive evidence that FK506 may inhibit the AIF-1 expression through the TLRs. In our study, the mRNA expression levels of TLR-2 and TLR-4 were increased after 30 minutes reperfusion, and the TLR4 expression level remained high after 60 minutes. However, the TLR-2 positive myocytes were minimal, but the TLR-4 positive myocytes were considerably increased (Figure 5) , which may support the role that they play in IRI. Our in vitro study has limitation which would not provide any evidence of functional interaction between these molecules. However, it supports the presence of inflammatory markers associated with early molecular events that activates the innate system after IRI.
TLRs play a major role in the activation of innate immune responses, through the TLR-signaling pathway in association with PAMPs or molecules that are released from damaged tissues, or cell death due to injury, disease and age. Activation of the TLRs has been associa I, delayed graft function, and allograft rejection [35, 36] . Furthermore, inhibition of TLR-2 has been shown to provide a significant protection from IRI in a mouse model of kidney transplantation [37] , and myocardial infarction [38] . Therefore we reasoned that because of the involvement of these molecules in innate immune responses, it would be worthy to investigate the expression levels of these markers in an in vitro experiment with the notion that identification of AIF-1 and IL-18 in association with the TLRs during IR would support the hypothesis that these markers together contribute to the initial process of inflammation. Additional in vitro and in vivo studies for verification of the role of AIF-1 as an endogenous ligand as well as the TLRs will be needed to confirm the association between these molecules during the initial innate immune responses in transplantation settings. These studies are in progress. Primary cell lines generated from human cardiac tissue has been utilized for production of AIF-1, and in association with cell lines transfected with TLRs, the investigation is seeking to demonstrate the interactions between these molecules and the impact on the production of proinflammatory cytokines and chemokines. It is our goal that antagonizing at least one or any of these molecules before reperfusion could protect cardiac function, and may prevent early allograft dysfunction and RE.
Conclusion
The in vitro model of ischemia/reperfusion showed that human donor cardiac tissue produces an increased level of AIF-1, IL-18 and TLR-4 during IR allograft. Further, they may have therapeutic characteristics for strategies in the control of innate immune responses in allograft transplantation.
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